Introduction
Mixed-species foraging flocks (MSFFs) of birds can be defined as aggregations of more than two species that actively initiate and continue their association (Harrison & Whitehouse 2011) while foraging in an area or habitat (Greig-Smith 1978) . Despite the global prevalence of MSFFs among terrestrial bird communities (Harrison & Whitehouse 2011; Morse 1970) MSFFs have rarely been characterised in southern Africa. The presence and role of each species in a flock reflects its ecological niche as well as the various factors leading to flock formation (Morse 1970) .
In temperate areas, MSSFs tend to form more readily in non-breeding seasons (Morse 1970) and differ from other aggregations of birds in their cohesion, rather than being a gathering of different species drawn to a particular resource (such as a fruiting tree); these flocks remain together as they progress through the habitat (Goodale & Beauchamp 2010) . Only those individuals that lead the flock or make a concerted effort to follow and remain in the flock should be considered as MSFF members (GreigSmith 1978) . MSFFs are typically led by a particular species, a role typically fulfilled by a so-called 'nucleus species'. A nucleus species is usually a species with high flocking propensity, encountered in a high percentage of MSFFs, often occurs in intra-specific flocks, and usually displays conspicuous behaviour such as vocalising or making conspicuous movements (Hutto 1994) . The individuals of a nucleus species are wholly or partially responsible for the formation and continued cohesion of the MSFF (Goodale & Beauchamp 2010; Greig-Smith 1978; Morse 1970 ) with other species in the MSFF organising their various activities around the nucleus species. Although various feeding guilds are present, MSFFs are usually dominated by insectivorous species (Croxall 1976; Greig-Smth 1978) .
In some habitats multiple types of MSFFs may be distinguished, based on differences in foraging height (Zou et al. 2011) or the presence of particular species or guilds (King & Rappole 2001) . Although some authors have suggested that the regular occurrence of a given species in MSFFs is directly related to the abundance of the species (Morse 1978; Zou et al. 2011) , this is not always the case in savanna ecosystems (Greig-Smith 1978) . Furthermore, some species may be recorded in MSFFs only when the flock happens to move through the territory of that species (Greig-Smith 1978) . The mean number of species per MSFF ranges from 3.8 in forested areas in Mixed-species foraging flocks (MSFFs) of birds can be defined as aggregations of more than two species that actively initiate and continue their association while foraging, without being drawn to a single resource. MSFFs have been well documented for terrestrial habitats globally, but rarely in southern Africa. This study describes the composition of MSFFs in two habitat types (Acacia and Combretum) within the southern Kruger National Park, South Africa during the late dry season. Thirty-one MSFFs were recorded in each of the two habitat types, with 1251 individuals of 74 different species being observed. We found that compared to Combretum, (mean: 10.7 ± 5.2 s.d.) Acacia had significantly more individuals per MSFFs (mean: 21.5 ± 12.6 s.d.) and more species per MSFF (Acacia mean: 8.7 ± 3.5 s.d.; Combretum mean: 5.9 ± 1.7 s.d.). The mean number of individuals per species per 31 MSFFs was 9.3 (± 4.5 s.d.) and 7.6 (± 5.6 s.d.) in the Acacia and Combretum habitat types respectively. The most frequently occurring species in both habitat types was the Fork-tailed Drongo (Dicrurus adsimilis). There was a significant association between certain species pairs in both habitats. Future studies in this area could be done to investigate the reasons behind the differences in MSFF sizes and species numbers between habitats. The season during which this study was performed excluded all summer migrants and a similar investigation in the wet season may reveal a different MSFF composition.
Conservation implications:
Understanding the dynamics and compositions of MSFFs, could form a valuable component of avian biodiversity monitoring both in and outside of protected areas. Within a given area, changes in the composition and behaviour of MSFFs over time could potentially be used as early indicator of threats to biodiversity. China (Zou et al. 2011 ) to 7.7 and 9.9 in the former eastern provinces and Barotse of Northern Rhodesia respectively (Winterbottom 1943) . Furthermore, although differences between MSFFs observed in different vegetation types within one geographical area may be minimal (Croxall 1976; Winterbottom 1943) , MSFFs in adjacent Acacia and mixed woodland habitats in northern South Africa do show significant differences in composition and mean number of species (Thomson & Ferguson 2007) .
To date, MSFFs occurring in any of the various savanna habitats of the Kruger National Park (KNP), South Africa have not been investigated despite the major role that birds play in savanna ecosystems and the maintenance of savanna heterogeneity (Kemp et al. 2003) . The main aim of this study was to investigate the composition of MSFFs in a southern section of KNP.
Research method and design

Study area
The study area comprises the Sabie/Crocodile Thorn Thickets landscape type (Gertenbach 1983 ) located in the southern KNP. This entire landscape is underlain by granites (Venter, Scholes & Eckhardt 2003) with crests and mid-slopes supporting broad-leaved Combretum bushveld, whereas foot-slopes are dominated by fine-leaved tree species (particularly Acacia spp.). The foot-slopes display two principle forms of woodland: one has a dense, tangled understory, while the other, found in brackish (sodic) areas, has minimal understory vegetation and large bare patches of soil, typically beneath Acacia grandicornuta (horned-thorn) trees (Gertenbach 1983) . The sites surveyed for MSFFs in this study fall within this landscape type and lie in the area bound by the S65 gravel road in the west and Nkuhlu picnic spot in the east (Figure 1 ). For the purpose of this study the following habitats were investigated: Combretumdominated bushveld on crests and Acacia-dominated woodland in the lowlands, hereafter referred to as Combretum and Acacia respectively. The study area falls within a summer rainfall region with an average of between 511 mm and 566 mm of rain annually. The average maximum and minimum daily temperatures are 32.6 °C and 20.6 °C in summer (November -February), dropping to 25.9 °C and 5.6 °C in winter (May -August) respectively (Venter et al. 2003) .
Procedure
Surveys were conducted on 16 days during the late dry season (July -early September 2013) and restricted to 06:00 -10:00 and 16:00 -17:00 each sampling day to coincide with the greatest levels of bird activity (pers. obs.). Data were collected by walking or driving through suitable areas of the landscape until a MSFF was encountered. The MSFF was then observed from a fairly fixed point for as long as the MSFF remained cohesive and/or as long as new species continued to join the MSFF (typically > 12 min). Recording of data stopped when the MSFF dispersed or if visual contact of the MSFF was lost.
To ensure that no MSFF was sampled more than once we tried to avoid sampling the same area multiple times. However, some areas were sampled on more than one occasion, but this was only done after an interval of more than 10 days to minimise repetitive sampling of particular MSFFs. Unfortunately wider sampling within the study area was not possible because of restrictions on human movement enforced by park management as a result of anti-poaching operations at the time of the study. Both Acacia and Combretum were surveyed on each sampling day to eliminate as far as possible, effects of weather conditions. The slope position Observations were made with the aid of a pair of Zeiss 10x40 binoculars and a hand-held electronic range finder was used for the estimation of 20-m distances.
The species within each MSFF were identified as per Hockey, Dean and Ryan (2005) and recorded along with the numbers of individuals of each species. Species foraging in all vegetation strata as well as on the ground were recorded as long as they showed clear tendencies to join and follow the MSFF. Species using a sit-and-wait hunting technique, which made no effort to follow the MSFF as it traversed their position, were ignored, as were aerial species such as swifts (Apodidae). Only bird species observed within a 20-meter radius of the core of the MSFF's activities (such as a particular tree) were recorded, as the dense nature of some of the areas surveyed prevented observations over a wider area.
We calculated the number of individuals per species across all MSFF's and the frequency of occurrence of each species in MSFFs. We then calculated the following: the mean number of individuals per MSFF, the number of species per MSFF, and the number of individuals per species per MSFF. A Wilcoxon rank sum test was used to investigate whether there were any significant differences in the number of individuals and species per MSFF between the two habitat types. Associations between species in MSFFs were examined by scoring each species as either present (1) or absent (0) in each MSFF. This presence-absence data was then analysed using a Pearson's correlation to give a measure of association between two species.
Results
During the study period, 62 MSFFs were encountered, equally divided between the two habitat types (i.e. 31 MSFFs in Acacia and 31 MSFFs in Combretum). In total 1251 individuals of 74 different species were observed in these MSFFs. Of these 74 species, 29 species in Acacia and 24 species in Combretum were regarded as regular flocking species (species that occurred in > 10% of flocks; King & Rappole 2001) . Only these species were used for further analysis (Table 1) . Of the 32 (43%) species that were regarded as regular flocking species, 21 species (28%) were recorded in both the Acacia and the Combretum, 8 (11%) in the Acacia only, and 3 (4%) in the Combretum only.
Across flocks the mean number of individuals per species was 9.3 (± 4.5 s.d.) and 7.6 (± 5.6 s. In the Combretum habitat there were nine significant correlations among species pairs of which five were positive ( 
Discussion
The MSFFs observed during this study had mean MSFF sizes similar to the mean MSFF size (16.9-19. 3) recorded in tropical forests in Myanmar, Southeast Asia (Croxall 1976; King & Rappole 2001) and west African savannas (23.2) (Greig-Smith 1978) . The mean number of species per MSFF was comparable to MSFFs studied in other African savannas (Winterbottom 1943) . Acacia supported larger flocks and a greater number of species per flock when compared to the Combretum. MSFFs in adjacent Acacia and mixed woodland habitats in northern South Africa also showed significant differences in composition and mean number of species (Thomson & Ferguson 2007) . Acacia also exhibited a higher mean number of species per MSFF, possibly because of having greater structural complexity than Combretum. Species diversity typically increases with structural complexity of habitat (Skwono & Bond 2003) .
Testing this hypothesis is however beyond the scope of this study, and reasons for these differences in MSFF sizes and species numbers between habitats would make for interesting future study. Correlations among bird species observed in more than 10% of mixed-species foraging flocks in the Acacia (n = 31 flocks) study site in Kruger National Park, South Africa. 
Acacia
TABLE 3:
Correlations among bird species observed in more than 10% of mixed-species foraging flocks in the Combretum (n = 31 flocks) study site in Kruger National Park, South Africa. Note: Significant correlations (P ≤ 0.05) are in bold. (Croxall 1976; Greig-Smith 1978; Swynnerton 1915; Winterbottom 1943; Zou et al. 2011) . In the MSFFs recorded in Nyslvley Nature Reserve, South Africa drongos however occurred in up to 92% of MSFFs (Thompson & Ferguson 2007) . Drongos have been recorded as a nucleus species of MSFFs in various studies (Cordeiro et al. 2015; Goodale & Kotagama 2006; Nefdt 1989) , and because of their prevalence in MSFFs in this study, drongos are therefore a very likely nucleus species in MSFF of the southern KNP. Other studies have however found that despite drongos occurring in MSFF they do not always take on the role of a nucleus species within a MSFF (Greig-Smith 1978) . Of the other frequently encountered species, the Chinspot Batis and Southern Black Tit are notable because both batises (Batis spp.) and tits (Parus spp.) are frequent participants of MSFFs in savannas and forests elsewhere in Africa (Greig-Smith 1978; Nefdt 1989; Thomson & Ferguson 2007; Winterbottom 1943) . In both Acacia and Combretum there was a clear tendency of certain species to be present in the majority of MSFFs. The Chinspot Batis, Southern Black Tit, and Fork-tailed Drongo are frequent participants in both habitat types. The regular occurrence of pairs of Fiscal Flycatchers in MSFFs in the Acacia habitat is noteworthy as this species is an uncommon winter visitor to the KNP (Newman 1991) and this vegetation type probably represents a favoured habitat for these flycatchers when they occur temporarily in this region. The season during which this study was conducted excluded all summer migrants and a similar investigation in the wet season may therefore reveal a different MSFF composition.
Combretum
The non-random patterns of positive associations among observed MSFFs in this study support findings by King and Rappole (2001) that members of some species tend to associate with other species. King and Rappole (2001) suggested that the reasons for these positive associations between species in MSFFs was to facilitate more efficient foraging by flushing prey from the vegetation through which they move. The reasons for the positive association between MSFF members in this study are likely to be similar, but need further investigation to verify this.
Conclusion
This study is the first of its kind to be undertaken in the KNP and forms the baseline for ongoing work investigating the composition of MSFFs occurring in the broader landscapes of this region. The analysis of MSFFs could form a valuable component of the biodiversity monitoring currently being undertaken in the KNP, and any future change in the composition and behaviour of MSFFs may be an early indicator of threats to the biodiversity of this region.
